Science information professionals need to make choices through which media they
Introduction
In the field of science communication more and more attention seems to be focused on the use of new and interactive media to inform the public about developments in science (e.g., Lederbogen "multiple-site computer network" (ARPAnet) was introduced in 1969, studies in which the Internet played a role were almost non-existent until 1990. In the last decade of the past century however, the Internet became a commercial success and in that same decade the amount of studies on the new medium already surpassed the amount of studies on the old medium television. Data of the present century show that, until now, the number of studies about the Internet is more than four times as high as the number of studies pertaining to television. On one hand, it may be argued that it seems reasonable to pay relatively little attention to the old medium television as compared with the new medium Internet, because through past research we know a lot about television's use and effects and we know relatively little about the effects of using the Internet. Although the Internet has its specific characteristics which makes it a new medium worth studying, other characteristics of the Internet such as the use of texts, pictures and movies are familiar because they can be found in older media such as books and television. In addition, it may be questioned whether the present low attention of scientists for the old medium television as compared to the high attention for the Internet is congruent with the actual situation of how many people in the world have access to these two media, how much time is spent on these media, and the extent to which users see these media as reliable sources of information. An additional question is which medium is most effective in transferring general or scientific information. These questions, in which the old and the new medium are compared, will be answered on the basis of empirical data collected in previous studies about how the public acquires information in non-educational, informal settings. Important to note is that the analysis does not pertain to the question of how television and the Internet are actually used in the field of science communication; the focus here is on the possibilities or potentials that television and the Internet offer to be used for science communication goals. The analysis may therefore help science communication professionals in their choice of which media to use as a means of promoting public awareness, interest, and understanding of science and technology.
The use of television and the Internet by the public
Television is the first medium young people learn to use when they start processing information. Long before children learn to read, they have become regular and experienced television viewers. The few studies that investigated very young children's attention to television (Huston, 9 ) have shown that when children are four to six months old they already show an interest in television programs. It seems that most (young) children like television viewing very much and, based on time-use data, it is the most popular medium among children worldwide. Why is television so popular among children? First, there is a basic and practical reason: A television set is available in almost every household. Second, television viewing is a well-established and primary family activity. Most parents stimulate their children to watch
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Television Internet television and when parents are busy and have no time to interact with their children, the medium is often used as a cheap and readily available baby sitter. Third, watching television is learned easily. In fact, when compared to older media such as books, and newer media such as computer games and the Internet, the television set can be used without learning. Compared with listening to radio and/or music, an activity which can also be done without learning, television viewing satisfies children's exploring tendencies in a more complete fashion, because the medium provides moving and changing pictures and colors, in addition to sound. Finally, by the time children can understand most television content, they watch TV for the same frequently chosen reasons as adults: to pass the time, to relax, for arousal, for companionship, to learn and to forget (e.g., Rubin 1977 10 ; 1979 11 ). Most studies on the "uses and gratifications" of the different media have shown that children choose television as the most satisfactory medium for each of the specified functions (e.g., d'Haenens, Kokhuis, and van Summeren 2001 12 ; Rubin 1994 13 ). It may be predicted that television will stay the number one medium for children between the ages of 0 and 12 until a new medium is introduced that incorporates the same attractive characteristics the audio-visual medium has now (see for a more extensive review on science television for children, Koolstra, in press 14 ). There are indications that the use of television is somewhat less frequently among high school students between the age of 12 and 18 (e.g., Beentjes, Koolstra, Marseille and van der Voort 2001 15 ). Apparently, at that age period television gets competition by the computer used for chatting, surfing on the Internet, e-mailing and playing games. Nevertheless, although television is used somewhat less frequently in that age range, high school students in Europe as well in the United States still spend much more leisure time watching television than using their computer for the Internet (e.g., Beentjes et al., 2001 15 ; Roberts, Foehr and Rideout 2005 16 ). Among adults television is by far the number one medium, and the leisure time spent on television viewing is extremely high among older persons. In contrast, not many older people use computers or the Internet, because they have not grown up to learn to use the new medium.
The conclusion is that, when people grow up, the old medium television will always have a head start because it is so easy to use. On average, children and adults spend much more leisure time watching television than using the Internet. And because there are still generations of people who did not grow up with computers, older persons almost never use the Internet, whereas they are heavy television viewers. As an example, the most recent reliable statistics of television and Internet use in the Netherlands indicate that Dutch people spend on average 12.4 hours per week watching television, whereas only 0.5 hour per week is spent on using the Internet (Broeders and Verhoeven 2005 17 ; Huysmans, de Haan and van den Broek 2004 18 ). Of course, it must be noted that the above mentioned figures about the use of television and Internet pertain to how much time people use these media in their leisure time. When working hours are also included in the statistics, the mean number of hours people use the Internet, in particular e-mail, is much higher than the number of hours the Internet is used exclusively in leisure time.
Public access to television and the Internet around the world
Although rough estimates that were made a few years ago indicated that the new interactive media are more expensive than older media (e.g., van Dijk 1999 19 ), it may be that nowadays television and Internet use are almost equally expensive. The costs of a cheap television set and computer start both at about 200 Euro. In many countries where Internet access is available, people have to pay comparable prices for access to cable television as for Internet access. However, many more people in the world have access to television than to the Internet. Although reliable and recent worldwide statistics about the penetration of television are not available, the World Communication Report (UNESCO 1999 20 ) indicates that people in industrial countries have only three times as much access to television than people in developing countries (respectively, 524 and 145 per 1000 inhabitants have access). In the case of Internet access there is a much stronger digital divide between the rich and poor continents with the biggest difference between North America and Africa with Internet access for respectively 67.4% and only 1.5% of the population in 2005 (http://www.internetworldstats.com/stats.htm).
Information processing through television and the Internet
Whereas on the one hand television is sometimes criticized for its possible negative effects on school performance (e.g., Dorr 1986 21 ; Koolstra, van der Voort and van der Kamp 1997 22 25 ) . Most media comparison studies examined through which media fictional or news stories were recalled best. The stories were presented through television (audio-visual), text (print) and/or radio (audio). When general recall was measured through (a) free recall of the story line, (b) cued recall, or (c) picture arrangement, TV groups scored almost always better than radio or print groups (e.g., Beentjes 29 ) dual-coding hypothesis, which states that audiovisual information (TV) is stored in memory with two separate but associated codes (visual and verbal), whereas text-only information (print or radio) is stored with a verbal code only. Because the visual and verbal codes can both independently serve as retrieval cues, audiovisual stories are easier remembered than verbal stories.
Until now not many media comparison studies have included the Internet as one of the competing media, but there are indications that information processing through television is also superior to information processing through the Internet (e.g., Dijkstra, Buijtels, and van Raaij 2005 30 ). There is in fact evidence that in most cases learning from the Internet is highly comparable to learning from books (Eveland and Dunwoody 2001 31 ). Internet users and book readers can of course process information in their own tempo, whereas television viewers need to follow the pace set by the producers of a program. The possibility of processing information in one's own tempo is often mentioned as a prerequisite for good learning, because it leaves time to think about difficult information that is processed. Because television does not provide that possibility, the medium may be criticized for its high tempo and shallow way of information processing (e.g., Postman 1985 32 ; Salomon 1984 33 ; Winn 1977 34 ). Nevertheless, the outcomes of the media comparison studies suggest that television's disadvantage of a set tempo while processing information is overruled by the advantage of the moving images that are more easily remembered.
It must be noted that some content of the Internet, such as streaming video, is highly comparable to television. However, because most Internet sites consist of text pages and illustrations, the comparison with books applies most. An advantage of the Internet as compared to television is the possibility of interactive communication. Whereas "interactivity" in regard with television is often limited to televoting in the case of specific entertainment programs (e.g., Eurovision song contest and Big Brother), there are more interactivity possibilities for Internet use. Examples are that Internet users can send e-mail messages, engage in chat sessions, change the content of publicly accessible websites (e.g., Wikipedia), and participate in news and discussion groups. Although it may be suggested that most of the activities of Internet users pertain to pleasure (entertainment) or business, the medium also offers possibilities in the context of science communication such as visiting online museums, searching in (scientific) databases and catalogues, participating in distance education, and publishing in electronic format. An additional strong difference between information processing through television and the Internet is that Internet content is always available whereas television viewers are dependent of which programs are broadcast at what time. In the comparison of information processing through television and the Internet it may be concluded that the possibilities of the Internet are immense and diverse, whereas those of television are limited and uniform. However, because in practice the Internet is predominantly used for surfing, it is not clear whether the rich possibilities of the Internet will get more popular among users than they are now. Until the media convergence has not fully taken place-the availability and quality of watching "television" through the Internet is still limited-it may be assumed that television will be the most popular information source (see also Broeders and Verhoeven 2005 17 ) . Once the full convergence has taken place, the discussion about which medium is the best or richest information source will change into a discussion about the pros and cons of audiovisual versus textual information.
Trust in television and the Internet as information sources
With regard to information in general, a recent study conducted in 2005 by one of the big Dutch newspapers (Trouw) showed that 84.2% of the respondents in the study trusted television as an information source (Meer vertrouwen in media 2005 35 ). In addition, almost half of the respondents (49%) chose television as the most important information source, whereas only 7% chose the Internet as the most important information source. These results are in line with a recent American study (Princeton Survey Research Associates 2005 36 ) indicating that 61% of the respondents chose television as their main source of information, whereas 11% chose the Internet. Because the survey was conducted among Internet users, there is no doubt that the high rating of television would have been even higher among a representative sample of the American people.
With regard to scientific information in particular, some studies have investigated whether the public sees television and the Internet as important sources for conveying scientific information. One is a Eurobarometer survey in which exactly this question was asked to people from 15 European countries (Eurobarometer 2001 37 ) . Respondents classified the importance of six sources of information about scientific developments on a scale of 1 ("the most important") to 5 ("the least important"). By adding together the high marks (1 and 2), the results indicated that television was judged as a very important medium for scientific information (60.3%), whereas the Internet was judged as much less important (16.7%). In between television and the Internet the press scored 37.0%, radio 27.3%, school or university 22.3% and scientific journals 20.1%. It must be noted however that among the youngest respondents and those who were still studying the preference for the Internet was higher (29.1% and 33.1%, respectively) than for the complete group.
With regard to the perception of media effects, the most recent Eurobarometer survey ( 2005 38 ) showed that 83% of the Euro citizens believed that television (and radio) reporting on science has a positive effect on society. Questions about the expected effects of the Internet were not asked.
Conclusions and discussion
It may be concluded that television provides many possibilities to science communication professionals as a medium to be employed. Particularly from the view that for most people processing of general and scientific information takes place in their leisure time, and television is the most frequently used medium, television should be included in the choice of science communication professionals when they aim to promote public awareness, interest, and understanding in science and technology. Of course, when people watch television in their leisure time, it is in most cases not primarily aimed at processing scientific information but predominantly used for entertainment and general information. Nevertheless, especially because many groups in the public may never seek scientific information through any other medium, television provides ample possibilities to get people acquainted with scientific content. A recent analysis made by Merzagora, Millington, and Scandola (in press) 39 has argued that many popular fictional drama series draw on science and technology and they may therefore have a powerful impact on a large audience. Examples of these drama series are CSI (Crime Scene Investigation), Smallpox 2002, E. R. (Emergency Room), and RIS -Delitti Imperfetti (Merzagora et al., in press). The most important conclusion of the authors is that the public perception of science is often implicit and/or unintentional, and because TV drama has the potential to reach a large and undifferentiated audience, this fictional form of television can be seen as a challenging new channel to be used in science communication.
Until now, the Internet is not as popular among the public as television: Much more leisure time is spent on television use than on Internet use. In addition, when people are asked which medium is their most important information source, television is mentioned much more frequently than the Internet. As discussed before, the strong lead of television may disappear in the future, because there is evidence that the younger generations use and value the Internet more than older generations. But our estimation is that a future in which people on average spend more of their leisure time on Internet use than on television will take at least 5 more years to come. Until the Internet is technically developed to provide a wide choice in high quality movies and live broadcasts of news and entertainment, television will be the number one medium for most of the public. This does not mean, however, that the Internet should be neglected in science communication. People who intentionally search for scientific information use the Internet frequently and the medium offers many possibilities to find a broad scope of background scientific information. A big advantage of the Internet is that looking for information can be done at any time of the day. But a disadvantage, also recognized by Internet users, is that much of the information on the Internet is of dubious quality and reliability (e.g., Trumbo, Sprecker, Dumlao, Yun and Duke 2001 40 ). And, as stated before, the Internet is not yet established as an important medium in developing countries, which decreases the possibility to use the Internet in worldwide science communication efforts. A limitation of the present study is that most of the evidence presented here is based on findings from European studies. It may be suggested that Europe is somewhat behind in developments in media use as compared to the United States. It may be true that new media like the Internet will displace older media such as television sooner in the United States than in Europe. The few American studies on media use that were reported here, however, indicate that nowadays among Americans too television is still the most frequently used leisure time medium. Another limitation of the present study is that it focuses on two of the most popular media in the context of science communication. There are of course various small-scale methods through which science can be communicated in an effective and interactive way. Examples are science exhibits, public debates about science, and science centers. The advantage of these means of exchanging scientific information is that they are more interactive and more personal than television and the Internet. They will therefore be also more effective than the old media, although it must be noted that until now studies in which the effectiveness of the different methods is compared are scarce. The biggest differences between the small-and large-scale methods used in science communication are the size and the level of involvement of the audiences that can be reached. Smallscale methods such as science exhibitions attract small audiences of people who are interested in science from the very start. Mass-media methods such as the Internet and television have much bigger audiences of which many people may have no interest in science at all. The present study indicates that television in particular is an important medium to initiate and stimulate the interest in science, because it may expose people to scientific information in an unintentional way. Once television gets people get interested in science, they may explore other means of information exchange such as the Internet and science centers and exhibitions.
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